Graduate Theses, Dissertations, and Problem Reports
1971

The Levels Of Prostaglandins In The Uterus Of Nonpregnant,
Pregnant And Progesterone-Treated Ewes.
Laird Wilson

Follow this and additional works at: https://researchrepository.wvu.edu/etd

Recommended Citation
Wilson, Laird, "The Levels Of Prostaglandins In The Uterus Of Nonpregnant, Pregnant And ProgesteroneTreated Ewes." (1971). Graduate Theses, Dissertations, and Problem Reports. 10027.
https://researchrepository.wvu.edu/etd/10027

This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses,
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU.
For more information, please contact researchrepository@mail.wvu.edu.

72-14,090
WILSON Jr., Laird, 1943THE LEVELS OF PROSTAGLANDINS IN THE UTERUS
OF NONPREGNANT, PREGNANT AND PROGESTERONETREATED EWES.
West Virginia University, Ph.D., 1971
Physiology

University Microfilms, A XEROX Company , Ann Arbor, Michigan

THE LEVELS OF PROSTAGLANDINS IN THE UTERUS OF NONPREGNANT, PREGNANT
AND PROGESTERONE-TREATED EWES

DISSERTATION
Submitted To The Graduate School
of
West Virginia University
In Partial Fulfillment Of The Requirements For
The Degree Of Doctor Of Philosophy

by
Laird Wilson Jr., M.S.

Morgantown
West Virginia

1971

PLEASE NOTE:
Some pages hnve indistinct
print. Filmed as received.
UNIVERSITY MICROFILMS.

ACKNOWLEDGEMENTS

The author is indebted to Drs. E. K. Inskeep and R. L„
Butcher for their criticism, expertise and encouragement through
what at times seemed to be a tedious, arduous, fruitless, enlighten
ing, fascinating and thought provoking study. Also, sincere appre
ciation goes to Drs. R. J. Cenedella, R. E. McCafferty and W. E„
Collins for their reading and criticisms of the manuscript.
I would especially like to thank Mr. K. W. Eble, labora
tory technician, for his skilled handling of the extraction proce
dure„
I thank the Upjohn Company and Dr. J. E. Pike for the PGE^,
PGE2. PGF^ and PGF2^standards.
A special appreciation go to my parents for their encourage
ment and understanding during these many years of education.
And to my wife, Kathie, goes my love for her steadfastness,
patience and typing of this manuscript.

iii

TABLE OF CONTENTS

Page
ACKNOWLEDGEMENTS

...................

ii

LIST OF TABLES ..o..«oo«o»«.eoao..oo.o..

v

REVIEW OF LITERATURE .»oo«oooeoo..o.ooo«...

1

The Effect of Nonhormonal Treatments on
Luteal Function oeoo.ooe»«oo.eooo...o

1

Uterine-Mediated Hormonal Effects on
Luteal Function
............

2

Transplantation Experiments

2

TABIjE OF CONTENTS

... * °

In Vivo and In Vitro Assays of Extracts
of the Uterus ......<>
In vivo studies . . . *

4
........

In vitro studies

4
5

Effect of Pregnancy on the Uterine Luteolytic
Factor

6

Prostaglandins and Luteal Function ....... <...<>

8

Hypothesis on mode of action

8

Studies on the exogenous administration of
prostaglandins • . e .. o ............

9

Effect of hormones on levels of prostaglandin

9

..

Effects of PG_'.s in vitro

10

Prostaglandins and Abortion
Induction of Labor with Prostaglandins
STATEMENT OF THE PRESENT PROBLEM
LEVELS OF PROSTAGLANDINS IN THE UTERINE ENDOMETRIUM
DURING THE OVINE ESTROUS CYCLE

11
....

16
21

.... 22

iv

TABLE OF CONTENTS (Continued)

Page
Materials and Methods

23

Results

28

Discussion

30

Summary

37

EFFECT OF PROGESTERONE ON ENDOMETRIAL PROSTAGLANDINS
IN SHEEP
................ 39
Materials and Methods

....... 40

Results

42

Discussion

44

Summary

48

LEVELS OF PROSTAGLANDINS IN THE UTERUS OF EWES
DURING EARLY.PREGNANCY ..

50

Materials and Methods

50

Results and Discussion

51

Summary
BIBLIOGRAPHY

.

55

................ 57

ABSTRACT . . . . .

.

......

67

VITA

70

APPROVAL OF THE EXAMINING COMMITTEE

71

V

LIST OF TABLES

Page
TABLE

1.

Summary of the Results Using Prostaglandin
for Induction of Labor
....<>.

17

2.

Levels of Prostaglandin F^^in the
Endometrium of Ewes Killed on Various
Days of the Estrous Cycle
...... 29

3«

Levels of Prostaglandin E in the Endometrium
of Ewes on Various Days or the Estrous
Cycle o . o e . o . o o . . « » o . o o o o « • o

3 1

Levels of Prostaglandin F^ in the
Endometrium of Ewes on Various
Days of the Estro-js Cycle

32

Levels of Prostaglandin F2<atand F^ in
the Endometrium of Ewes Ovariectomized
on day 4 of the Estrous Cycle, Injected
with Progesterone on Days 4 Through 8
a n d Killed o n D a y 9 u . » . o . o . o « o » o o o .

4 3

Levels of Prostaglandin F2^ in the
Endometrium of Ewes Injected with
Progesterone on Days 0 and 1 of the
Estrous Cycle and Sacrificed Days 5 or 9 . . . « .

45

4o

5o

6.

7.

Levels of Prostaglandin F^ in the
Endometrium of Ewes Injected with
Progesterone on Days 0 and 1 of the
Estrous Cycle and Sacrificed Days 5 or 9 ..... 46

8.

Levels of Prostaglandin F^^ , F^ ,
and Ej in the Endometrium of Pregnant
and Nonpregnant Ewes on Day 13 After Estrus . . «

52

Levels of Prostaglandin F2^ » F .and E„ •
in the Myometrium of Pregnant ana Nonpregnant
Eves on Day 13 After Estrus
..

53

Concentration of Prostaglandin F ^ in the
Uterine Venous Plasma of Pregnant and
Nonpregnant ewes on Day 13 After Estrus . . . . .

54

9.

10.

REVIEW OF LITERATURE

Loeb (1923) established that the uterus plays an important
role in luteal function when he observed that hysterectomy in
guinea pigs prolonged the life span of the corpus luteum. Then in
1961 Du Mesnil du Buisson demonstrated a local effect of the uterus
on luteal function in pigs. He reported that unilateral hysterectomy
maintained corpora lutea on the side opposite the retained horn, the
corpora lutea adjacent to the retained horn regressing at the normal
time. Subsequent studies with a variety of animals have substantiated
the important role the uterus plays in the regression of the corpus
luteum.
A plethora of review articles (Anderson, Bland and Melampy,
1969; Melampy and Anderson, 1968; Bland and Donovan, 1966; Ginther,
1967; Nalbandov and Cook, 1968; Barley, 1966; Wilson, 1968) have
summarized the pertinent studies on utero-ovarian relationships.
Therefore, only a brief summary of these studies will be presented.

The Effect of Nonhormonal Treatments on Luteal Function
Hysterectomy will prolong the life span of the corpus luteum
in cattle, sheep, pigs, guinea pigs, and pseudopregnant rats and
hamsters, but is without effect in monkeys, ferrets, mice and
human beings (Anderson et al.. 1969). A local effect of the uterus
on the corpus luteum is apparent in each responsive species.
Intra-uterine devices (IUD's) inserted early in the estrous
cycle will shorten the life span of the corpus luteum in sheep,
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cattle, guinea pigs, (Anderson et al.. 1969) and goats (Gadgil
et al.. 1968), but not in monkeys, human beings, rabbits, pigs,
hamsters (Anderson et al., 1969) and pseudopregnant rats (Wilson
et al., 1970). In those species in which an IUD shortens luteal
life span a local effect is observed with the one possible excep
tion being the goat (Gadgil et al.. 1968).
In pseudopregnant rats a decidual cell response (DCR) induced
in the uterus prolonged luteal function by a local pathway (Wilson
et al., 1970). The placing of E, coli into the uterine horns of
ewes early in the estrous cycle shortened the life span of the
corpus luteum (Brinsfield et al., 1969) and this was a local
effect (Brinsfield and Hawk, 1969).

Uterine-Mfediated Hormonal Effects on Luteal Function
Various hormonal treatments which influence maintenance
of the corpus luteum either do so via the uterus or are ineffective
in its absence. Progesterone given early in the estrous cycle of
sheep (Woody et al., 1968) and cattle (Woody and Ginther, 1968)
advanced the time of luteal regression in intact but not hysterec
tomized animals. Estrogen is luteolytic in sheep when injected in
the last one-third of the estrous cycle but was ineffective in
hystectomi&ed sheep (Stormshak et al., 1969). Oxytocin can cause
the corpus luteum of cows to regress early but was without effect
in hysterectomized cows (Armstrong and Hansel, 1959).

Transplantation Experiments

3

As early as 1940, Hechter et al. showed that intraperitoneal
homoimplants

of the estrous uterus shortened the life span of the

corpora lutea in hysterectomized pseudopregnant rats. Since this
time many other transplantation experiments have shown the impor
tant role the uterus plays in regression of the corpus luteum.
Auto- or homotransplanted endometrium, pieces of uterus, or the
entire uterus showed luteolytic activity in rabbits (Chu et al..
1946), guinea pigs (Butcher et al*. 1962), rats (Melampy et al..
1964), pigs (Anderson et al., 1963; Du Mesnil du Buisson and
Rombauts, 1963), and sheep (Caldwell et al., 1969; Niswender et al.,
1967)o Contrary to these results a luteolytic effect was not found
in transplantatation experiments in pigs (Spies et al., 1960) and
guinea pigs (Loeb, 1927).
Some very interesting studies on auto-, hetero- or homotransplants to the cheek pouch of the hamster have been reported.
Duby et al. (1969) found that uterine auto- or homotransplants to the
cheek pouch of hysterectomized hamsters shortened the length of pseudopregnancy. Similar results were obtained with heterotransplants of
rat (Caldwell et al.. 1967) and sheep (Caldwell et al.. 1968)
uteri to the cheek pouch of hamsters. However, heterotransplants of
mouse, rabbit, and human uteri had no effect. Caldwell et al.
(1967) found that the length of pseudopregnancy could be reduced
by hamster endometrium but not myometrium. Mazer and Wright (1968)
reported that endometrial grafts from hamsters on day 7, and to a
lesser extent on day 6, of pseudopregnancy were effective while
those from days 4, 5 or 8 had no effect.
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Allotransplantation of one ovary or uterine horn to the
neck of a sheep with the other ovary or uterine horn removed caused
luteal maintenance in sheep (Goding et al..1967),, However, when
both the uterus and the ovary were transplanted together estrous
cycles of normal length were observed. (Harrison et al. , 1968).
Cross-circulation experiments have demonstrated that uterine
venous blood contains a lytic factor CMcCracken et al., 1971).
In these experiments donor ewes had utero-ovarian transplants and
recipient ewes had the ovary alone transplanted to the neck„ Uteroovarian venous blood from the donor on day 15 of the estrous cycle,
but not days 2 or 10, infused into the ovarian artery of the re
cipient ewe caused a very rapid regression in secretion of proges
terone and the appearance of estrous behavior in the recipient ewe.

In Vivo and In Vitro Assays of Extracts of the Uterus
In vivo studies

Many workers have extracted samples of

uterine tissue and injected it back into test animals. Often the
results have been negative. For example, endometrial filtrates from
proestrous pigs (Anderson and Melampy, 1962), crude aqueous ex
tracts of sheep .uteri

(Kiracofe et al.. 1964), ether soluble ex

tracts or lyophilized homogenates of the uteri of estrous rats
(Kiracofe and Spies, 1966)

and ether or saline extracts of bovine

endometrium taken on day 18 of the estrous cycle (Malven and Hansel,
1965) all failed to show iuteolytic activity.
Conversely, many positive results have been reported. Endo
metrial suspensions of estrous uteri of rats (Bradbury et al..
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1950), acetone dried powder of bovine uteri (Williams et. al. , 1967),
extracts of hamster uteri on day 6 or 7 of pseudopregnancy (Mazer
and Wright, 1968), aqueous extracts of bovine endometrium on days
14 or 16 of the estrous cycle (Duby et al., 1969) and aqueous
extracts of day 14 and 15 sheep endometrium (Caldwell et al.. 1968)
had luteolytic activity.
Caldwell and Moor (1971) have recently demonstrated a luteo
lytic factor in the uterine venous blood of ewes. Lyophilized
uterine plasma samples from ewes at day 14 of the estrous cycle
infused

into the ovarian artery of ewes at day 8 of the cycle

caused a decrease in progesterone secretion and an early return to
estrus. Uterine plasma samples from ewes at day 8 and jugular plasma
from ewes at day 14 of the cycle were without effect.
Lukaszewska and Hansel (1970) have isolated a protein
precipitate from the endometrium of cows on days 10 to 13 of the
estrous cycle and injected it intraperitoneally (i.p.) into
hysterectomized hamsters from days 4 to 9 of pseudopregnancy. Luteal
weight and progesterone content,; as measured on day 10 of pseudopregnancy, were decreased. The protein has been identified as an
ot-globulin which specifically binds progesterone and Cortisol
(Lukaszewska and Hansel, 1971).
In vitro studies

Porcine endometrial filtrates (Duncan

et al.. 1961) from days 12 and 13 of the estrous cycle have been
reported to increase progesterone synthesis while filtrates from
day 16 and 18 decreased hormonal production. Ovine endometrial
slices taken on days 8 and 14 of the estrous cycle stimulated
steroidogenesis in slices of luteal tissue (Stormshak and Kelley,
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1967). Schomberg (1967) has reported that flushings from uteri of
pigs between days 12 and 18 of the estrous cycle, when placed in
tissue cultures of pig granulosa cells, caused a rapid change in
these cells within 6 to 8 hours. Flushings from days 1, 10 or 20
of the cycle had no effect.

Effect of Pregnancy on the Uterine Luteolytic Factor
Moor and Rowson (1966 a,b) showed that embryos tranferred to
recipient ewes on day 12 of the estrous cycle maintained the function
of the corpus luteum beyond day 16 of the cycle, but embryos trans
ferred on day 13 could not prevent regression of the corpus luteum
at the normal time. Similarly, if embryos were removed on day 12 of
pregnancy the corpus luteum regressed by day 16, but if removed
on day 13 the corpus luteum was maintained until day 25. Therefore,
day 12 appears to be the critical time during pregnancy when the
maintenance or regression of the corpus luteum is dictated Dy the
presence or absence of an embryo in the uterus.
It is debatable whether the embryo is maintaining the corpus
luteum by producing a luteotropic substance or inhibiting a luteo
lytic one. There is evidence for both of these possibilities
and both may actually occur. In the hamster Mazer and Wright (1968)
reported that extracts of uterine horns from days 5, 8 and 9 of
gestation had little luteolytic activity compared to day 7 of
pseudopregnancy. However, these results are not surprising since
extracts taken from pseudopregnant hamsters on days 5 or 8 showed no
luteolytic activity. Since the extracts from pseudopregnant animals
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showed luteolytic activity only on days 6 and 7, these are the times
that should be examined in the pregnant hamster. Of more importance
in this experiment is the fact that uterine extracts from hamsters
at day 7 of pseudopregnancy could not induce luteal regression
in pregnant hamsters. On the other hand infusing "nomogenates of
embryonic tissue into the uterus of cycling ewes significantly
extended the functional life span of corpora lutea but only when
14- or 15-day embryos were used (Rowson and Moor, 1967)»
Several studies with pigs (Dnindsa and Dziuk, 1968; Niswender et al., 1970; Christeasen and Day, 1971) indicated that
days 11 to 12 represent the critical period when maintenance of
the corpora lutea for pregnancy is determined by the presence
or absence of embryos. Some evidence is presented which indicates
the embryo may not be steroidogenic (Niswender et al., 1970). When
embryo numbers were increased in proportion to the number of corpora
lutea present, no increase in progesterone production by these
corpora lutea was detected. However, in sheep Warren ec al. (1971)
showed that infusion of day 14 and 15 embryos into uterine horns
containing an IUD prevented the early regression of the corpus
luteum in 4 of 7 animals. Zambrona and Greenwald (1971) reported
that a direct relationship existed between the number of embryos
present and the ovarian weight,, However, the effect was not the
result of an increased weight of the corpus luteura nor did the
number or size of follicles appear to be different. Thus the role
the embryo plays in preventing the regression of the corpus
luteum is still not resolved.
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Prostaglandins and Luteal Function
Hypothesis on Mode of Action

Babcock in 1966 suggested the

possibility that prostaglandins might be important in explaining
the uterine role in controlling the function of the corpus luteum
Pharriss (1970) has proposed a model to explain the local relation
ship between the uterus and the ovary (first mentioned by Pharriss
and Wyngarden, 1969)» He has postulated that the uterus secretes a
substance which decreases venous drainage commoa to both the uterus
and the ovary. Under these circulatory conditions the corpus luteum
would then succumb to limited substrate availability or accumula
tion of metabolites. Prostaglandin F2^

2<J?

was selecte<^ as an

agent to teist this hypothesis due to its potent venoconstrictor
properties (Ducharme et al., 1968)*
Barrett et al.(1971) have indicated that the uterine luteolysin could act

directly on the corpus luteum by passing from the

uterine vein to the ovarian artery,, By separating the ovarian artery
from the uterine vein, they wnre able to prolong luteal life span
in 3 sheep until slaughter on day 25. In one ewe where the separa
tion was incomplete the corpus luteum had regressed. They concluded
that the uterine luteolysin could reach the ovary by way of a
counter-current mechanism in the ovarian pedicle* McCracken et al„
(1971) injected PGF2_^ into the uterine vein and collected blood
from the ovarian artery. The concentration of tritium labeled PGF2C^
was 30 times greater in the ovarian than the

femoral arterial

blood. Therefore, if the stimulatory effect of PGF2^ on steroido
genesis shown in vitro (see below) actually occurs in vivo then

its selective uptake into the ovarian artery may result in a hastened
depletion of substrates or an accumulation of metabolites which
is brought about by the decrease in venous drainage. The necessity
that the uterine luteolytic factor reach the ovarian artery is
indicated by the maintenance of the corpus luteum when the artery
was separated from the vein.
Studies on the exogenous administration of prostaglandins
Recent experiments lend some support to the hypothesis of Pharriss.
Infusion of PGr2c^into the rat tail vein (0.1 or 0.2 mg. over a
60 second period) or the rabbit ear vein (0.1 to 2.0 mg.) caused
an immediate drop in blood flow in the utero-ovarian vein as measured
by timed collections (Pharriss et al.» 1970). Using a hydrogendesaturation technique, Gutknecht ct al„ (1970) found similar
results in the rabbit<, In this same study they reported that infusion
of PGF

2cf-

into the kidney caused no change in the blood flow, im-

plying a selectivity in the venoconstricting action of PGF2oiL •
Infusion or injection of PGF^ into pseudopregnant or preg
nant rabbits (Pharriss and Wyngarden, 1969; Gutknecht et al., 1969;
Pharriss, 1970), hysterectomized guinea pigs (Blatchley and Dono
van, 1969), pregnant monkeys (Kirton et al., 1970) and sheep with
an ovary autotransplanted to the neck (McCracken et ale,1970;
Barrett et al«, , 1971) halted luteal function or produced abortion.
Effect of Hormones on Levels of Prostaglandins

Pickles in

1967 examined human menstrual fluid in a pubertal female who showed
typical ovulatory and anovulatory menstrual cycles. In the postovulatory period smooth muscle stimulating activity similar to PGF

was detected but not in the postanovulatory period. Therefore
Pickles suggested that progesterone might be important in sti
mulating the synthesis or release of PG's in the uterus.
Injection of 10 mg. of estradiol benzoate into guinea pigs
on days 4 to 6 of the estrous cycle resulted in detectable levels
of PGF^ in the utero-ovarian venous blood on day 7 (Blatchley
et
al., 1971). PGF„_: was not detectable in hysterectomized or
111 " 1 ' "
ZOv.
untreated guinea pigs. It was concluded that estrogen was responsi
ble for tie

triggering of synthesis or release of PGt^^ in the

uterus.
Bland et al, (1971) found detectable levels of PGF^^ in the
blood from the utero-ovarian vein of ewes on days 13, 14 and 15
of the estrous cycle (estrus = day 0). It is on these days that the
level of estrogen is increasing in the peripheral plasma (Scaramuzzi et al,, 1970)„ PGF^j^ was not detected in blood from the
jugular vein,
Poyser et al. (1971) reported the release of PGF^^ due to
uterine "distention" in vitro. The uteij.-

horns of guinea pigs

were removed and one horn had polyethylene tubing inserted, the
other receiving no tubing* The tissue was incubated for 3 hours in
Tyrodes. An 8- to 10-fold increase in PGF^ concentration was
detected in the incubation media of the distended uterine horns
when compared to the control horns.
Effects of PG's in vitro

Sellner and Wickersham (1971)

have shown that PGE-^, PGE^ and PGF

incubated with bovine corpora

lutea stimulated progesterone production. No differences in degree

of response were seen between the three PG's tested. Similar
results have been reported by Speroff and Ramwell (1970). Pharriss
et al. (1968) incubated PGF^ with homogenized ovaries from rats
on day 6 of pseudopregnancy. Significant increases in progesterone
and 20cL-hydroxypregn-4-ene-3-one were detected. Bedwani and Horton
(1968) incubated PGE-^ or PGE2 with chopped rabbit ovaries and
human chorionic gonadotropin (HCG) or pregnant mare's serum (PMS).
In 5 of 6 experiments PGE^ increased the synthesis of 20^ -hydroxypregn-4-@ua-3-one. although no change was seen in progesterone level
PGE]^ stimulated the 20ci -hydroxypregn-4-ene-3-one synthesis in
2 of 5 experiments„

Prostaglandins and Abortion
One of the most promising clinical applications of PG's
is as an abortifacient. Many of the early reports on their potential
use in this area were encouraging, particularly those from Karims
laboratories in Uganda. However, more recent results reported by
some American workers are less optomistic. Although the discrepancy
may be due to either the inherent physiological differences in the
females studied or the dosage of PG's used, it is also partly the
result of the definition of success and failure* For example,
Speroff (1970) terms an abortion a success when both the fetus and
the

placenta are delivered with no surgical interference. On the

other hand, Filshie (1971) defines success as the delivery of the
fetus whether the placenta is retained or expelled.
While PGE^, PGE2, PGF-j^ and PGF^ have all been used, PGE£

has proven to be the PG of choice due to its success rate along
with fewer side effects (diarrhea, vomiting and nausea). The success
rate with PGF
of side

, is approximately the same as PGE0, but the occurrence
2ok
z

effects is slightly greater.
Karim and Filshie (1970) were the first to report successful

induction of abortions after using PGF2^ .The gestational age of
their patients varied between 9 and 22 weeks. PGF^was infused
intravenously at a rate of 50 mg. per minute, and continued until
abortion was complete. Out of 15 cases, abortion was induced in 14,
and complete in 13* Seven women had diarrhea and 3 of these
vomited. In an addenum to this paper they reported success with in
travenous infusion

of PGE2 (5 mg0 per minute) in 12 women. No

patients had diarrhea.
Roth-Brandel et al» (1970) reported that the infusion of
1 to 10 mg. per minute of PGE^ for six hours terminated pregnancy
in 2 of 5 patients. When PGF2^was given at 10 co 50 mg. per
minute for six hours pregnancy was terminated in 0 of 2 patients.
Subcutaneous injections of PGF

2(J-

(5 mg. every 3 hours) 5 to 6

times per day for 2 days terminated pregnancy in 1 of 4 cases.
Wiqvist and Bygdeman (1970) showed that PGF^^ infused at various
concentrations over a period of two days induced abortion in 7 of
7 patients at 8 weeks or less of pregnancy. In those pregnancies
greater than 8 weeks, 3 of 5 were terminated.
Infusing PGE2 at a rate of 5 mg. per minute, Filshie (1970)
induced abortion in 5O:0f 52 patients. Thirty-six delivered the
fetus with placenta, 7 delivered the placenta later and 7 had the

placenta evacuated. Thirteen patients had nausea or vomiting, and 4
had diarrhea.
In the 1971 Proceedings of the New York Academy of Science on
prostaglandins,Karim summarized his results obtained with 200
patients. In women of gravida 0 to '10, 145 of 150 were success
fully aborted with PGE^ infused at a rate of 5 ug/min. The abortion
interval (from the start of infusion to the time of delivery) was
14.5 hourso Infusing PGF2jL into females of gravida 0 to 7 resulted
in 44 of 50 patients aborting by an average of 19 hours»
Hendricks (1971) reported that 9 of 10 pregnancies between
7 and 16 weeks of pregnancy were terminated using PGE^ (5 patients)
and PGF

, (5 patients). Hendricks has worked with oxytocin for

2(A

a number of years and states that PG's appear to be more effective
than oxytocin when used as an abortifacient despite the fact
that both drugs produce the same type of uterine contractions. He
concluded that there must be a crucial difference in the two,
perhaps with PG acting on the cervix and lower uterine tract to
allow the conceptus to be easily expelled.
Filshie (1971) reported that infusion of PGE^ terminated
pregnancy in 130 of 139 cases; 105 of these being complete abortions.
As mentioned previously, Filshie (1971) defines a successful
abortion as the expelling of the fetus even if evacuation of the
placenta is needed. Failure was defined as " any patient who did
not dilate after a total of 48 hours of infusion and in whom
vaginal delivery was imminent." Filshie feels that surgery is
much safer to perform in an evacuation for retained products of

conception than it is to perform a hysterotomy.,
Bygdeman and Wiqvist (1971) were more successful in in
ducing abortion during the first 9 weeks of pregnancy with FGF2JL
compared to times after 9 weeks., At an infusion rate of 25 to 100
ug/min. in patients with a gestation age of 1 to 9 weeks, 94%
(20 of 22) of the pregnancies we're interrupted after an average
infusion interval of 7 hours. Three' of the successes had retained
conceptus but devitalized or damaged placenta. In pregnancies
between 9 and 12 weeks of agej6 of 19 were terminated; at 13 to 15
weeks, 2 of 13 were terminated; and at greater than 16 weeks, 2 of
10 were terminated. The average infusion time for these three groups
was 13 hours.
Embry (1971), who has limited his studies to PGE's, has
reported success with both PGE-^ and PGE^. In patients with ges
tational ages of 9 to 28 weeks a dosage rate for PGE^

or ?GE

of 2 to 5 ug/min. for 0.5 to 18 hours terminated pregnancy in
35 of 37 patients.
Intra-vaginal administration of prostaglandins for inducing
abotions has been studied (Karim and Sharma, 1971)« PC's dissolved
in 95% ethanol were added dropwise to a 2 gm» lactose tablet to
give a final content for PGE2 of 20 nig. and PGF^ of 50 mg. These
tablets were then inserted into the vagina every 2.5 hours until
the occurrence of abortion. Pregnancy was terminated,in 45 of 45
cases (30 PGE2, 15 PGF20L )> the abortions being complete in 40
cases and 5 requiring evacuation. The average abortion time was
13 hours, 5 minutes. Six patients vomited (3 with each type of PG)

and one had diarrhea (PGF^).

comparing the various types of

delivery it was concluded that the vaginal pessary was superior
to all other methods for inducing abortions.
PG's are thought to induce abortions by stimulating the
smooth muscle of the uterus* However, when PG's were first used it
was thought the abortions resulted from an inhibition of luteal
function., Gutknecht et al. (1969) reported that PGF2^ terminated
pregnancy in rats, and this effect could be overcome by adminis
tration of progestins. This implied that PGF ^ was acting on the
ovary and not at the level of the uterus. This was substantiated
in the rat (Pharriss and Wyngarden, 1969). Experiments with Rhesus
monkeys (Kirton et al., 1970) showed that PGF2d. terminated pregnancy
if given 11, 12 or 13 days postovulation. Plasma progestin levels
were shown to fall precipitously after the PGF

• treatments. Thus it

was assumed that the abortion was due to a lack of progesterone
secretion and not due to an action of PGF 2^ on the uterus.
There are several discrepancies in the above assumptions.
First, the corpus luteum is no longer needed for maintenance of
pregnancy in the monkey after day 20; therefore, the ability of
PGF2£^to induce abortion would not require luteolytic effect. Also,
the necessity of the venoconstrictor properties of PGF2JL for its
abortifacient effects is questioned by the ability of PGE2 to
terminate

pregnancy (Kirton et al.. 1970)„ Speroff (1971) found

no change in plasma progestin levels in humans even after the
placenta was delivered. In contrast, the estrogen levels consis
tently dropped during infusion of PGF^ . The decrease in progestin

levels (Kirton et al., 1970) noticed after

PGF

2t}_

infusion in pregnant

Rhesus monkeys was most likely due to the loss of the luteotropic
effect of the embryo rather than due to the luteolytic effect of
PGF2i

*

Induction of Labor with Prostaglandins
Several advantages in using PG's instead of oxytocin to
induce labor are cited by Anderson et al. (1971). First, oxytocin
is ineffective until the patient has reached term, whereas PG's
can be used before and at term. Second, oxytocin must be titrated
to avoid tetanic contractions resulting in fetal stress or uterine
rupture. And finally, unlike oxytocin, PG's have no antidiuretic
action, a fact which could be important for women who have renal
or cardiac disease (Lancet, 1970).
PGE^, PGE2 and PGF2Cjwhave been used to induce labor; PGE2
appears

to be the most potent of the PG's. A summary of the

results are presented in Table 1. A few comments are necessary to
complete the table. Karim et al. (1968) reported in their study
that PGF2SL increased the amplitude and frequency of the contractions
but no change in tone was seen# Karim's 1971 results imply that
PG's are superior to oxytocin for inducing labor. However, other
workers do not show such a high failure rate with oxytocin (447.)
and therefore there may be some bias in Karim1s experiments.
Gillespie (1971) reported preliminary results of a double-blind
study in which labor was induced in 80% of the patients whether
oxytocin or PGE2 was used. Ogden (1971) detected only a 57. failure

TABLE 1. SUMMARY OF THE RESULTS USING PROSTAGLANDIN FOR THE INDUCTION OF LABOR

Treatment
group

Week of
pregnancy

PGF

34-44

PGF

PGE,

2oL

Number of
pregnancies

Dosage

Induction
time
(hrs)

Success
rate

Author

.025-.050
ug/kg/min«

10/10

Karim et al.
(1968)

30-45

.05 ug/kg/min.

33/35

Karim et al.
(1969)

34-44 .

.5 ug/min«

50/50

Karim et al.
(1970)

55/56

Karim et al.
(1971)

PGE,

primagravida

.5-2.0 ug/min.

12

PGE,

multigravida
(2-13)

.5-2.0 ug/min.

7

PGF

primagravida

5-10 ug/min.

17

9/14

multigravida

5-10 ug/min,

10

84/86

PGF

20L
2d

PGE,

342/344

(2-12)
.3-1.2 ug/min.

All treatments given intravenously

96/100

TABLE 1. (continued)

Treatment
group

Week of
pregnancy

Number of
pregnancies

Dosage

a

Induction
time
(hrs)

Success
rate

PGF„ .

2o5-10 ug/min.

67/100

Oxytocin

8 mU/min.

56/100

2

PGF

2^L

PGE.
PGE

37-44

3-6 ug/min.

7/7

37-44

lo5-3 ug/min.

5/5

4.5-11 ng/kg/
min.

25 patients <12
8
"
12-18
2
"
18-24
12
"
>24

Author

Karim et al.
(1971)

Roberts (1970)

37/40

Beazley et al.
(1970)

PGE.

7/13

Roth-Brandel &
Adams (1970)

PGE2

10/16

2

PGF

6/13

2CL

All treatments given intravenously

Anderson et al.
(1971)

TABLE 1. (continued)

Treatment
group

Week of
pregnancy

Number of
pregnancies

Dosage

Induction
time
(hrs)

5/12

Oxytocin

PGE2
PGF

Success
rate

primagravida
& multigravida

5-10 mg/2 hrs
until labor
starts

Gillespie
(1971)

23.5

16/20

Karim et al.
(1971)

15

30/30

primagravida

5-1 mg/2 hrs"*

PGE

multigravida

a
.5-1 mg/2 hrs

7.5

2 mg/2 hrs^

8

5/5

5 mg/2 hrs'1

14

5/5

PGE
PGF

2C*

Prostaglandins administered orally
Prostaglandins administered intravaginally

Anderson et al.
(1971)

38/40

PGE2
2

Author

49/50

rate with oxytocin in 3000 patients,,
In studies by Roberts (1970), amniotomy was performed before
the infusions were started. Gillespie et al» (1971) cautioned
that amniotomy could cause the uterus to become hypersensitive to
PG's and one must be ready to decrease the dosage of PC's being
infused to avoid fetal stress and uterine rupture,, Roth-Brandel'
and Adams (1970) have examined the type of contractions at midpregnancy in four females receiving PGE£ or oxytocin. PGE^ caused
an increase in frequency and tone but not intensity of the contrac
tions, and they were not coordinated* Conversely, oxytocin increased
the intensity and coordination ox the contractions with little
increase in tone in 3 of 4 patients. They concluded that PG's
can be used for the induction of labor but they do not appear Co
be superior to oxytocin.
The above discussion and table can be summarized as follows.
First, the oral route of administration appears to be better
for inducing labor, while the intravaginal approach is better
for inducing abortions (the oral route cannot be used for
inducing abortion since the high concentrations necessary result
in severe vomiting and diarrhea)0 Second, the total amounts of PGE-s
or

PGF2^necessary to induce labor by either the oral or vaginal route

administration ase approximately 10 times the amount required for
intravenous infusion. Third, the induction time for labor of
multigravida is about half that of primagravida. And finally,
PGE^ appears to be more potent and yet has fewer side effects than
the other PG's.
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STATEMENT OF THE PRESENT PROBLEM

The review of literature established that in certain species
the uterus has profound effects on ovarian function, Pharriss
hypothesized that PGF

could be the uterine iuteolytic factor,
2o^.

the key to understanding the relationship between the uterus and
the life span of the corpus luteum. It was the objective of the
present study to determine in the uterus of the sheep if prostaglandins
are

present, the levels during the normal estrous cycle and the

effects of various treatments,which were known to alter luteal life
span, on levels of prostaglandins.

LEVELS OF PROSTAGLANDINS IN THE UTERINE ENDOMETRIUM DURING THE
OVINE ESTROUS CYCLE

A local relationship between the uterus and the life span
of the corpus luteum has been demonstrated in a variety of animals
Unilateral hysterectomy prolonged the life span of corpora lutea
in the adjacent ovary in guinea pigs (Fischer, 1965), sheep (Inskeep and Butcher, 1966) and cattle (Ginther et al., 1966a) and in
pseudopregnant rats (Barley et al., 1966) and hamsters (Orsini,
1968), but had no effect when the remaining uterine horn was ad
jacent to an ovary containing corpora lutea. Insertion of intra
uterine devices (IUD's) into the uterine horn adjacent to an
ovary containing corpora lutea shortened the estrous cycle in
sheep (Ginther et al.. 1966b), cattle (Ginther et al., 1966c) and
guinea pigs (Bland and Donovan, 1965), but had no effect when
inserted into the uterine horn opposite to an ovary containing
corpora lutea. In unilaterally-ovariectomized, pseudopregnant
rats induction of a decidual cell response in the uterine horn
adjacent to the remaining ovary prolonged luteal function but
had no effect when opposite the remaining ovary (Wilson et al..
1970)„ These results suggest that the uterus may produce a luteolytic substance which acts locally.
Pharriss (1970) postulated that the luteolytic substance
could be prostaglandin

(PGF2^ ), a polar fatty acid with a

strong venoconstrictor activity in dogs and rats (Ducharme et al.

1968)» It could be secreted by the uterus and affect the venous
drainage common to the ovary and uterus. The corpora lutea would
then succumb to circulatory conditions such as limited substrate
availability or accumulation of metabolites. Recent experiments
lend support to this hypothesis. Injection of PGl^^ into rats and
rabbits decreased venous drainage of the ovary and uterus (Gutknecht et al., 1970; Pharriss et aL, 1970). Infusion or injection
of PGF

into pseudopregnant

or pregnant rabbits or rats (Pharriss

and Wyngarden, 1969; Gutknecht et ai.. 1969; Pharriss, 1970),
hysterectomized guinea pigs (Blatchely and Donovan, 1969), pregnant
monkeys (Kirton e t a"i. , 1970), and sheep with an ovary autotransplanted to the neck (McCracken et al., 1970; Barrett et al», 1971)
halted luteal function or produced abortion.
The purpose of the present experiment was to determine if
prostaglandin Ej_,

anc*

were

Present i-n

uterine

endometrium of sheep, and if a relationship existed between the
time of luteal regression and levels of PGF?C^ during the estrous
cycle,. The effect of an

intra-uterine device (IUD) inserted at

day 2 on levels of prostaglandins in the endometrium at day 5 of
the cycle also was examined,,

Materials and Methods
Mature nonpregnant ewes were checked for estrus by vasectomized rams twice daily (estrus = day 0). The ewes were laparotomized on day 2 of the estrous cycle and 35 ewes with corpora lutea
in only one ovary were assigned at random to five groups. Ewes in

four groups were killed on days 3, 5, 11 or 14 of the same estrous
cycle without further treatment0 Ewes in s fifth group received
a plastic IUD in each uterine horn at laparotomy on day 2 and were
killed on day 5.
The uteri were removed immediately after death and placed
on ice for processing. The uterine horns were separated and identi
fied as adjacent or opposite to the ovary bearing one or more
corpora lutea. They were opened and the endometrium was dissected
free from the myometrium and weighed. Each sample was placed in a
plastic vial, flushed with nitrogen, ana stored at -20 C for over
a year while the analytical pethods were being developed. The
analytical procedures included a solvent partitioning procedure
plus two thin layer chromatographies.,
Solvent partitioning procedure!" Each partially-thawed sample
(average weight approximately 7gm.) was homogenized with 15 ml of
saline in a Virtis homogenizer for 3 min« at medium speed over
crushed ice„ The sample was poured into a graduated cylinder, and
acetone was added until the final concentration of acetone was
757. V/Vo The graduated cylinder was then placed on a mechanical
shaker for 15 min. at 260 cycles per min« After shaking, the sample
was poured into a polyethylene centrifuge bottle and centrifuged
(4080 x _g) at 0 C for 10 min. in a Sorvall centrifuge. The super
natant was poured through No. 2 Whatmen filter paper into a
graduated cylinder, the volume recorded, and the supernatant then
tranferred to a separatory funnel.
Ten microliters of prostaglandin

3
-5,6- H (specific

^ Modified from E. G. Daniels, The Upjohn Company.

activity = 104 curies/mM; New England Nuclear) was added to the
filtered supernatant to allow calculation

of procedural losses

during the remainder of the procedure. Skellysolve B (redistilled,
66-67 C)s equal to one-half the volume of the sample, was added
to the separatory funnel, shaken vigorously for 1 rain,, and the
two phases allowed to separate^ The top layer of the two phase
system was discarded and the above procedure repeated. The bottom
layer was collected and evaporated for 45 min„ under a stream of
nitrogen in a water bath at 50 C. The pH of the sample was lowered
to 3.2 with a 307o citric acid solution. The sample was shaken
with an equal volume of anhydrous ether for 1 min., the ether
collected (top layer), and the extraction procedure repeated two
times with the bottom layer. The ether was evaporated in a beaker
under a stream of nitrogen in a water bath at 45 C<, The small
amount of water plus other residues remaining in the beaker were
tranferred with ether to a sarew-capped test tube. The ether in the
test tube was evaporated with nitrogen in a water bath. Six ml.
of a citrate-glycine buffer (0.2 M glycine-pH to 3.5 with a 30%
citrate solution) were added to the test tube, plus an equal
volume of ether and the combined material was shaken for 1 min.
The top phase was then removed and placed into a centrifuge tube,
and the above procedure was repeated twice. The ether in the
centrifuge tube was then evaporated to dryness under nitrogen in
a water bath at 45 C. The sides of the centrifuge tube were washed
down with ether and the sample concentrated at the bottom of the
centrifuge tube. The sample was then stored in a freezer at -20 C

until chromatography was performed.
Thin layer chromatography. The procedure for the preparation
of the silica gel, thin layer chromatography (TLC) plates, and
solvent systems were adapted from Green and Samuelsson (1964),
Bygdeman and Samuelsson (1966), Hamberg and Samuelsson (1966)
and E„ G. Daniels (personal communication) with some modifications.
«

\

A general outline of the procedure plus the modifications will be
presented.
For both TLC steps samples were spotted using ethyl acetate:
chloroform (85:15). The thin layer plates were divided into three
lanes; the standard PG's were applied on the two outside lanes
and the entire sample as a band in the middle lane. After the
plates were developed and dried, the standard lanes were sprayed
with water to identify the prostaglandins. The standard PG's
appeared as white spots on the thin layer plates. The correspond
ing areas in the sample lanes were then marked off and removed
from the plates. The silica gel was extracted three times with 95%
methanol, the supernatant being removed after centrifugation
each time. The methanol was evaporated under a stream of nitrogen
lin a water bath at 50 C until approximately 1 ml remained* Six
ml. of the citrate-glycine buffer plus an

equal volume of ether

were added and this was shaken for 1 min. and the upper phase
removed. This extraction was repeated twice with ether
and the ether aliqouts combined (after the second TLC a 1 ml.
aliqout of ether was removed at this step for determining re
covery values). The ether was evaporated under nitrogen in a

water bath at 45 Co After the first TLC the sample was placed
in a freezer at -20 C until the second TLC was performed. Following
the second TLC the sample again was placed in a freezer until the
bioassay (usually no longer than two weeks).
The solvent system for the first TLC (to separate PGE's
from PGF's) was chloroform:methanol:acetic acid 90:10;1 (E. G.
Daniels, The Upjohn Company). The second TLC (to separate PGE^
or PGF^ from PGE2 or PGF2J^) had 67. silver nitrate in the silica
gel (445 mg. AgNO^/^g silica gel). The solvent system for the
second TLC was ethyl acetate:acetic acid:2,2,4-trimethylpentane:
water 110:20:30:100 (Hanmberg and Sammuelsson, 1966).
Bioassay

The ascending colon of mature male gerbils (Illinoi

Research Farms) was used as the bioassay muscle (Weeks et al.. 1968)
The colon was mounted in a 6 ml smooth muscle bath containing De
Jalon solution (Ambache et al., 1965) and attached to a Grass
Polygraph strain gauge force transducer. The resting tension of
the muscle was kept between 0825 and 0.50 grams. The bath was
maintained at 32 to 33 C and gassed with oxygen. The muscle was
allowed to stabilize for 20 min. and then a mid-range concentration
of PGE^ (100 ng) was added and washed out. Next, the standard
PG's (prepared so that the final concentration in smooth muscle
bath for PGEp PGE^ and PGF^^ was 1.8, 3.2, 5.6, 10 and 18 ng/ml
and for PGF^was 10, 18 32, 56 and 100 ng/ml) were added. If
the muscle did not show a response to PGE^, PGE2 or PGF2<^ at a
concentration of 1.8 ng/ml of solution in the muscle bath, the
muscle was replaced. The minimum requirement for PGF^was 10 ng/ml.

The samples were dissolved in 1 ml of De Jalon solution
just before using. A volume of 0.1 to 0.4 ml of sample was injected
into the muscle bath. Each sample was tested on two muscles; no
muscle being used for more than 4 samples. An average concentra
tion was determined for the sample from the two muscles and this
value was corrected on the basis of the recovery values. The
labeled prostaglandin sample for measuring recovery was dissolved
in Bray's solution (Bray, 1960) and counted in a liquid scintilla
tion spectrophotometer (Packard Tri-Carb, Model 3320)„ The data
were subjected to analysis of variance (Fryer, 1966) and means
were compared by the test of least significant differences when
differences doe to treatment were detected.

Resets
Differences were found among treatments for both content and
concentration of PGF^^(P <<.05 ; see Table 2)0 Differences in
levels of PCT^c^were not detected (P>.05) between uterine horns
adjacent or opposite to a corpus luteum, therefore, mean values
for both uterine horns are considered. Content (ng) and concentra
tion (ng/g) of PGF2^ in the endometrium on day 14 of the estrous
cycle (1,244 and 202, respectively) were higher (PC.05) than
on days 3 (261 and 32), 5 (344 and 60) and 11 (311 and 76) of
the cycle, while levels at these latter three stages were not
different. Ewes receiving an IUD in each uterine horn on day 2 of
the cycle and killed on day 5 had higher amounts of PGF£^(1050
and 179, respectively; P*<.05) than did the control ewes on day
5 of the cycle. The corpora lutea of these IUD treated ewes appeared

TABLE 2. LEVELS OF PROSTAGLANDIN F? . IN THE ENDOMETRIUM OF EWES KILLED ON VARIOUS DAYS
OF THE ESTROUS CYCLEca

Day of estrous
cycle

Content (rig)
Adjacent to corpus Opposite to corpus
luteum
luteum

Concentration (ng/a)13
Adjacent to corpus Opposite to corpus
luteum
luteum

Day 3

216 ± 56 (6)°

308 ± 118 (5)

27 ± 8 (6)

36 ± 15 (5)

Day 5

338 ± 79 (7)

348 ± 78 (6)

60 ± 12 (7)

60 ± 11 (6)

Day 11

329 ± 108 (6)

292 ± 94 (6)

78 ± 30 (6)

71 ± 28 (6)

Day 14

1259 ± 442d (7)

1228 ± 374d (7)

202 ± 66d (7)

201 ± 54d (7)

Day 5 after
insertion of
an IUD in each
uterine horn on
day 2 of cycle

1138 ± 139d (6)

963 ± 109d (6)

198 ± 35d (6).

159 ± 25d (6)

Day of estrus = day 0.
b
Mean ± Standard errorB
c
Number of samples per treatment in parentheses„
d

Different from other groups (P<o05) but not from each other (P>e05).
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on visual observation to be almost completely regressed on day 5.
No differences in endometrial weights were detected among
treatments (P>.05). Also, PGF

2<x

content was not related to

endometrial weight as indicated by lack of a significant regression
coefficent (-0.10).
Both PGF-jpi. and PGE^ were detected in the endometrium. However,
as seen in Table 3 and 4, many samples were below the minimal
quantifiable level although smooth nuscle stimulating activity
was often present. These tables are presented for the interest
of the reader but no statistical analyses nor conclusions were
made. The average recovery of added PGF~5,6-JH was 59 %. PGE^
did not appear to be present in these endometrial samples. Three
endometrial samples on the side adjacent and five on the side
opposite to the corpus luteum were lost during the extraction
procedures.

Discussion
The results of this experiment along with other studies
strongly suggest that PGF^ is of physiologic importance in uterine
function and in regression of the corpus luteum. The significant
increases in PGF^concentration and content on day 14 of the
estrous cycle compared to days 3, 5 and 11 and on day 5 after
the insertion of IUD's in each uterine horn on day 2 coincide
well with the known times of luteal regression in these two
treatments (Deane et al., 1966; Arvy and Mauleon, 1964; Moor and
Rowson, 1966 a,b; Stabenfeldt et al.. 1969; Ginther et al0, 1966b;

TABLE 3.

Day of estrous
cycle

LEVELS OF PROSTAGLANDIN E2 IN THE ENDOMETRIUM OF EWES ON VARIOUS DAYS CF THE
ESTROUS CYCLEo8

Side adjacent or
opposite to
corpus luteum

Number of
samples

Samples with
activity

Samples with
measurable
activity

Mean levels in
samples with
measurable
activity
Content Concentration
(ng)
(ng/g)

8 ± 2
6 ± 1

a

Opp
Adj

5
6

4
5

2
3

70 ± 13
55 ± 1

5

Opp
Adj

6
7

5
6

2
1

54 ± 5
63

11 ± 5
9

11

Opp
Adj

6
6

5
5

1
2

105
74 ± 11

34
22 ± 3

14

Opp
Adj

7
7

7
7

6
7

104 ± 17 19 ± 4
97 i:20 17 ± 5

Day 5 after
insertion of an
IUD in each
uterine horn
on day 2

Opp
Adj

7
7

6
6

4
4

138 ± 42 22 ± 6
162 ± 59 28 ± 8

a

Day of estrus = 0«

13

Mean ± standard error.

TABLE 4 c

Day of estrous
cycle

LEVELS OF PROSTAGLANDIN F , IN THE ENDOMETRIUM OF EWES ON VARIOUS DAYS OF THE
ESTROUS CYCLE.3

Side adjacent or
opposite to
corpus luteum

Number of
samples

Samples with
activity

Samples with
measurable
activity

1

Mean levels in
samples with
measurable
activity^
Content Concentration
(ng)
(ng/g)

Opp
Adj

5
6

3

0
1

388

43

5

Opp
Adj

6
7

3
5

1
1

449
307

58
43

11

Opp
Adj

6
6

6
5

4
4

436 ± 135
727 ± 215

93 ± 35
161 ± 54

14

Opp
Adj

7
7

6
7

1
4

600
518 ± 168

95
90 ± 33

Day 5 after
insertion of an
IUD in each
uterine horn
on day 2

Opp
Adj

6
6

4
5

3
3

668 db 138

83 ± 35

3

Day of estrus = day 0.
k Mean ± standard error,.

Warbritton, 1934; Restall, 1964).
The increased levels of PGF20(. on day 14 vs. day 11 of the
cycle are important in view of the work of Moor and Rowson (1966
a,b). They showed that embryos tranferred to recipients on day 12
of the cycle maintained the function of the corpus luteum beyond
day 16 of the cycle, but that embryos tranferred on day 13 could
not prevent regression of the corpus luteum at the normal time.
Similarly, if embryos were removed on day 12 of pregnancy the
corpus luteum regressed by day 16, but if removed on day 13 the
corpus luteum was maintained until day 25.
The work by Moor et al» (1970) would seem to contradict
the above since total hysterectomy in ewes on day 15 of the estrous
cycle resulted in maintenance of a high proportion of corpora lutea.
Perhaps the difference between the ability of the embryo trans
ferred on day 13 and that of total hysterectomy on day 15 to pre
vent regression is one of quantity and not quality. The small
embryo may be overwhelmed by already increased levels of uterine
luteolytic factor and unable to prevent its increase, while total
hysterectomy abruptly eliminates it.
One also must consider the possibility that by day 13 the
uterine environment is not suitable for the survival of the embryo
or that not enough time remains to establish the correct relation
ship between embryo

and uterus to enable the embryo to prevent

synthesis or release of the uterine luteolytic factor or to
produce some luteotropic substance which counteracts its effect
on luteal function.

The significant increase in levels of PGF2^in ewes receiving lUD's
in each uterine horn on day 2 of the pycle and killed oa

day 5 is

important for two reasons. First, it supports the possibility that
PGF^ is the uterine luteolytic factor,, The rapid regression of
the corpus luteum in sheep after insertion of an IUD adjacent to
the corpus luteum early in the estrous cycle (Ginther et al.. 1966b)
implies that the IUD stimulates synthesis or release of the uterine
luteolytic factor.
Second, the increase in PGF2^ might explain the contraceptive
effects of an IUD. Most work would indicate that the contraceptive
effect of an IUD results from interference with implantation of
the fertilized egg (Davis and Lesinski, 1970). Experiments with
rabbits (Mori and Motoshima, 1968) showed increased levels of smooth
muscle stimulating factor(s) in the endometrium adjacent to an IUD
(suture) as compared with levels in the endometrium opposite to
the IUD. Brinsfield and Hawk (1968) reported that IUD's in ewes
reversed the direction of uterine motility,, PGF^ is a potent
stimulator of smooth muscle contraction and therefore it could
explain the results of these two experiments. Preliminary studies
with 20 human females indicated that vaginal pessaries containing PG's
can act as effective contraceptives (I„P.P.E. Medical Bulletin, 1970).
Perhaps the IUD in women prevents implantation by increasing levels
of PGF2^ •
One major criticism of the hypothesis that

the

luteolytic factor is based on in vitro studies. Sellner and Wickersham (1970), Speroff and Ramwell (1970) and others have reported
that PGF2oi stimulates steroidogenesis in slices of bovine corpus luteum

in vitro. Similarly, Stormshak and Kelly (1967) observed that
slices of ovine endometrium obtained on days 8 and 14 of the estrous
cycle stimulated ovine luteal steroidogenesis in vitro. However,
Caldwell et al. (1968) reported that endometrial tissue from days
14 and 15 of the estrous cycle of sheep decreased the length of
pseudopregnancy in hysterectomized hamsters, as did aqueous extracts
of endometrial tissue. Caldwell et al". (1968) mentioned that endo
metrial autografts to the flank muscle in sheep caused regression
of the corpus luteum in half of the animals within 40 days. Thus,
there appears to be a difference between in vitro and in vivo
effects on luteal function of endometrial tissue which is similar
to the differences observed with puried preparations of PGF
2ctin vitro and in vivo » An explanation of these differences may be
derived from the work of McCracken et aI. (1970). In their experi
ments with the ovary autotransplanted to the neck in sheep, the
immediate effect of infusion of low amounts of PGF2^ into the ovary
was stimulation of progesterone synthesis, but this was soon
followed by a sharp decrease. The in vitro studies may measure
the immediate effect of PGF^ on steroidogenesis but not the long
term effect.
Although the stimulatory effect of PGF2Q£ on steroidogenesis
in the corpus luteum seems paradoxical to its ability to induce
luteal regression,this is not necessarily true. The stimulatory
effect of PGF

may hasten a depletion of substrates or an accumu-

lation of metabolites which results from the decrease in venous
drainage. This possibility wou^d require that PGF^ reach the ovary
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without passing through the systemic blood since PGF ^is almost
completely metabolized on one passage through the lungs (Piper and
Vane, 1969). Barrett et al. (1971) have indicated that the uterine
luteolysin could act directly on the corpus luteum by passing from
the uterine vein to the ovarian artery* By separating the ovarian
artery from the uterine vein, they were able to prolong the luteal
life span in 3 sheep until slaughter on day 25. In one ewe where the
separation was incomplete the corpus luteum had regressed. They con
cluded that a uterine luteolysin could reach the ovary by way of a
counter-current mechanism in the ovarian pedicle. McCracken et a 1.
(1971) injected labeled PGF9j^into the uterine vein and collected
blood from the ovarian femoral arteries. The concentration of the
labeled PGF2^_ was 30 times greater in the ovarian than in the
femoral arterial blood.
The results obtained for PGF-^and PGE2 are inconclusive. They
appear to be present in the ovine endometrium but the exact concen
tration is uncertain due to the small quantity of samples studies
and the length of time elapsed before extraction. However, the number
of samples with measurable activity was greater in those treatment
groups in which high levels of PGF2<^.were found. Due to the relative
insensitivity of the bioassay to PGF^ it often was not detected,
although it appears that high levels might be present.(Preliminary
studies using gas liquid chromatography to identify the PG's has
been attempted and these results are reported in the next section).
This could be important since Aldridge et al. (1970) reported that
infusion of PGF^ into superovulated ovaries transplanted to the

neck of sheep decreased progesterone secretion rate dramatically
but had little effect on ovarian blood flow,, Thus both

and

PGF^ might be important in the regression of the corpus luteum.
Many workers have attempted to extract an active luteolytic
substance with variable success (see review by Anderson et al.,
1969). However, recent work by Lukaszewska and Hansel (1970) is
more encouraging. They have shown that a protein precipitate of
endometrial tissue taken from heifers on days 10 to 13 of the
estrous cycle and injected into hysterectomized pseudopregnant hamsters
caused regression of the corpora lutea. The luteolytic substance
appears to be a large protein or perhaps a small molecule attached
to a protein,, It remains to be determined if any PG is attached to
or contaminates this protein<>

Summary
Levels of PGF2^ > PGF^^and PGE2

were

measured

in endometrium from each uterine horn of 35 mature ewes with
corpora lutea on only one ovary. After the ewes were killed, the
endometria were dissected free, weighed and stored at -20 Co
Prostaglandins were extracted, separated by thin layer chromato
graphy and measured by the gerbil-colon bioassay0 The percent

3

recovery was determined by using PGF-^-5,6- H, and the measured
values were corrected to 100%. Ewes in four groups were killed on
day 3, 5, 11 or 14 of the estrous cycle, and the mean concentration
(ng/g) for both uterine horns of PGF^ was 32, 60, 76 and 202, and the
mean content (ng) was 261, 344, 311 and 1244, respectively. The

levels of PGF^ at day 14 were different from all other days (P<.05).
Ewes in a fifth group received a plastic intra-uterine device (IUD)
in each uterine horn at laparotomy on day 2 of the estrous cycle
and were killed on day 5. They had a mean concentration (ng/g) and
content (ng) for PGF

, of 179 and 1050, respectively. The concen-

tration and content of PGF20L were different from the day 5 control
(P<.05)o Differences in PGF ^levels were not detected between
uterine horns adjacent and opposite to a corpus luteum. PGF^ and
PGE^ were detectable but often could not be quantified. PGE^ was
not detected.

EFFECTS OF PROGESTERONE ON ENDOMETRIAL PROSTAGLANDINS IN SHEEP

The uterus plays a major role in determining the time of
luteal regression in sheep, acting primarily through a local
mechanism (Inskeep and Butcher, 1966; Moor and Rowson, 1966c).
Prostaglandin (PG) F^J.has been proposed as a possible mediator
of this local effect (Pharriss and Wyngarden, 1969; Pharriss, 1970)
and evidence has been obtained that PCS^^can cause luteal regression
in ewes with an autotransplanted ovary (McCracken et al.. 1970).
These and other pertinent studies have been reviewed by McCracken
et al. (1971)<.
As reported in the previous section the ovine endometrium con
tains PGF^. and that levels of PGF2j(vwere higher at day 14 of the
estrous cycle as compared to days 3, 5 and 11. Also, a higher
level of PGF2^was found at day 5 in ewes receiving intra-uterine
devices (lUD's) in each uterine horn on day 2 compared to day-5
controls* lUD's inserted early in the estrous cycle advance the
time of luteal regression (Ginther et al.. 1966b)0 Thus high levels
of PGF2^ coincided with times of known luteal regression in these
two situations„
The factors that control levels of prostaglandins in the
uterus have not been established. Pickles (1967) deduced from
studies of a pubertal female who showed typical ovulatory and
anovulatory menstrual cycles that progesterone stimulated synthesis

or release of prostaglandins by the endometrium. Woody et al.
(1968) showed a luteolytic effect of exogenous progesterone given
early in the estrous cycle which was ineffective in hysterectomized
ewes. Ginther (1968) reported that progesterone shortened the life
span of the corpus luteum in unilaterally hysterectomized ewes
only when the remaining horn was adjacent to the corpus luteum.
These results suggest that progesterone might be important in re
gulating prostaglandin levels in the uterus.
Two experiments were performed to investigate effects of
progesterone on endometrial levels of prostaglandin. The first
experiment was designed to examine levels of PGF]^ , PGF2j^,
PGE^ and PGE2 in the endometrium of ewes ovariectomized on day 4
of the estrous cycle and given injections of progesterone or corn
oil for 5 days. The second experiment was designed to determine
if progesterone given early during the estrous cycle advanced the
time at which high levels of prostaglandins appeared in the endo
metrium.

Materials and Methods
Mature nonpregnant ewes were run with vasectomized rams and
checked for estrus twice daily (estrus = day 0). As they came into
estrus they were assigned randomly to treatments.
Experiment 1. Seventeen ewes were bilaterally ovariectomized
through a midline incision on day 4 of the estrous cycle. Eight
ewes received 1 ml corn oil per day and nine ewes received 10 mg
progesterone in 1 ml corn oil per day on days 4 through 8. All ewes

were killed on day 9.
Experiment 2.

Sixteen iac&ct ewes received 40 mg of pro

gesterone in 1 ml of corn oil and 16 intact ewes received 1 ml
of corn oil subcutaneously on days 0 and 1 of the estrous cycle.
Eight ewes in each group were killed on day 5 and eight on day 9.
After killing the ewes the ut'eri were removed immediately
and placed on ice for processing. The uterine horns were opened
and the endometrium was dissected from the myometrium and weighed.
Samples were placed in plastic vials, flushed with nitrogen and
stored at -20 C for approximately one year while the analytical
procedure was being developed.
The analytical methods used have been described in the pre
vious section. They include solvent partitioning procedure followed
by two thin layer chromatographic (TLC) separations. The first
TLC separates the PGE's from the PGF's and the second separates
the individual PG's within their respective classes. The PG's were
quantified with a bioassay using contractions of the ascending
colon of the gerbil as the end point. Two modifications were made
in the analytical procedures. First, the developing system used in
the present study for separating the PGF's in the TLC procedure was
ethyl acetate:methanol:2,2,4-trimethylpentane:acetic acidswater
110:30:10:20:100. This was equilibrated for 2 hrs. and the nonpolar
phase was used (Green and Samuelsson, 1964). Second, six samples
were bioassayed per gerbil muscle instead of four. Labeled prosta3
glandin Fic^-5,6- H (New England Nuclear).added after homogenization
of the tissue, was used to estimate procedural losses and all values

were corrected to 100% recovery.
The results were analyzed by the Kruskal-Wallis test (Siegel,
1956) since an F-max test (Fryer, 1966) revealed heterogeneity of
variance in the data.

Results
Experiment 1. Differences were found among treatments for both
concentration and

so£al content of

(P<.05; Table 5) in the

endometrium. The average concentration (ng/g) and content (ng)
of PGF2q^ in endometrium of ovariectomized ewes receiving corn oil
were 64 and 575 compared to only 18 and 204 for ovariectomized ewes
receiving progesterone<> Also, progesterone produced a significant
increase in endometrial weights (P<.05)» Average weights (g) in
control and treated ewes were 9„1 and 11.8, respectively. The re
gression of PGF^content on endometrial weight was not significant
(P>o05). No differences in PGF^j^concentration (ng/g) or content
(ng) were found (P> .05) between control and treated ewes (72 and 684vs.
47 and 505, respectively). In a single preliminary study using gas
liquid chromatography extracted samples showed a retention time the
same as authentic PGF2c/but a peak with a retention time similar
to authentic PGF^ was not detected. Whether the latter is the result
of an inadequate sample size for extraction or because PGF^

is not

present in the sample is unknown. More samples need to be extracted
to determine if the smooth muscle stimulatory substance in the area
of the PGF^ on the TLC plates is actually PGF-j^.
Experiment 2. A significant increase in PGF2J.content (P<»05),

TABLE 5. LEVELS OF PROSTAGLANDINS F2^ AND
IN THE ENDOMETRIUM OF EWES OVARIECTOMIZED ON DAY 4 OF
THE ESTROUS CYCLE, INJECTED WITH PROGESTERONE ON DAYS 4 THROUGH 8 AND KILLED ON DAY 9

Group

PGF
^Concentration
Content (ng)

a

Control

Treated

b

PGF
(ng/g)

Content (ng)

Concentration (ng/g)

5751 2190
(8)d

64 + 23
(8)

684 ± 256
(8)

72 ± 26
(8)

204 + 45°
(9)

18 ± 4C
(9)

505 ± 127
(9)

47 + 11
(9)

a

Day of estrus = 0.
b
10 mg Progesterone (10 mg/day) injected s.c. days 4 through 8.
c
The concentration and content of prostaglandin F9o{_ were different from control ( P< .05).
d
Numbers in parentheses equal number of samples/treatment.
e
Mean + the standard error.

but not concentration (P>.05), was detected due the main effect of
progesterone treatment (Table 6). However, PGF

.values did not
2d"

vary with the main effect of day or the interaction of day with
progesterone treatments Of the progesterone-treated ewes killed
on day 9, three had shown a standing heat (two of the ewes were
detected in heat on day 7 and the other on day 6, however, none
of these had ovulated at autopsy) and two others had regressing
corpora lutea but had not shown a standing heat.
No differences (P> .05) were found among endometrial weights
(g); Day 5, control (13.5) vs. treated (12.4); Day 9, control
(12.9) vs. treated (15.4). And no regression of PGF^ content on
endometrial weight was detected (P>.05). No differences were de
tected (P>.05) in concentration (ng/g) or content (ng) of PGF^
(Table 7).
The average procedural recovery value for both experiments
3
as determined by PGF^j. -5,6- H was 58%. Although smooth muscle
stimulating activity corresponding to PGE2 on the TLC plates was
found in both experiments it was usually below the minimal quanti
fiable levels. PGE^ was not detected in either experiment

Discussion
The results of experiment 1 suggest that progesterone,
by itself, is not responsible for the increased levels of PG in
the endometrium at day 14 of the estrous cycle (reported earlier) and
that it actually inhibited synthesis (or stimulated release)of PGF^

TABLE 6. LEVELS OF PROSTAGLANDIN
IN THE ENDOMETRIUM OF EWES INJECTED WITH PROGESTERONE ON DAYS
0 AND 1 OF THE ESTROUS CYCLE AND SACRIFICED ON DAYS 5 OR 9. a

* Day

^Concentration (ng/g)

Content (ng)

Day 9
Concentration (ng/g)

Group

Content (ng)

Control

174 ± 24C
(9)e

13 + 2
(9)

201 + 32
(10)

18 + 3
(10)

355 + 120
(8)

30 ± 9
(8)

329 + 63
(9)

25 ± 6
(9)

b.d
Treated

a
Day of estrus = day 0.
b
40 mg progesterone/day on days 0 and 1.
c

Mean •£ standard error.
d
3"he main effect of progesterone treatment significantly increased the content ( P < .05) but not
concentration (P > .05) of PGF^^.
e
Numbers in parentheses equal to number samples/treatment.

TABLE 7. LEVELS OF PROSTAGLANDIN Fy. IN THE ENDOMETRIUM OF EWES INJECTED WITH PROGESTERONE ON
DAYS 0 AND 1 OF THE ESTROUS CYCLE AND SACRIFICED ON DAYS 5 OR 9. a

Day 5
Content (ng)
Concentration (ng/g)

Group

Control

g

Da

Content (ng)

266 + 103
(7)

19 ± 8
(7)

488 + 146

616 + 6

81 + 45

463 + 152
(97

(8)

y

Concentration (ng/g)

34 ± 3

(8)

b
Treated

(8)

(8)

a
Day of estrus = day 0.
b
10 mg of progesterone/day injected s.c. days 4 through 8.
c
Mean -t standard error.
d
Numbers in parentheses equal to number of samples/treatment.

38 + 15
(9)

in ovariectomized ewes. The observation of lower levels of PGF^
in the endometrium of progesterone treated animals

aa compared to

controls was opposite to fihe postulate of Pickles (1967).
He found in studies with one human female, PGF activity in menstrual
fluid in ovulatory but not anovulatory cycles, and proposed that
progesterone might be necessary for PGF .synthesis or releasee
Since the present experiment does not support this conclusion, at
least not in sheep, it would appear that other hormones might be
important. Levels of estrogen are increasing at day 14 of the cycle
(Scarramuzzi et al.. 1970) when PGF2j^ increases in the endometrium
(see chapter I). In guinea pigs, BlatchAey et al. (1971) reported
that estrogen injected on days 4 to 6 of the estrous cycle stimu
lated the release of PGF^ into the utero-ovarian venous hlood
as measured on day 7 of the cycle. Perhaps estrogen or estrogen
plus progesterone are important in PG production or release.
Ewes in experiment 2 showed a significantly greater content,
but not concentration, of PGF^ due to progesterone treatment
early in the estrous cycle. These results suggest, although certainly
not clearly, that the luteolytic effect of progesterone given
early in the estrous cycle could result in part from increased
levels of PGF

. . The physiologic significance of the higher PGF

.
2«*

content is questionable since it is low compared to levels found
on day 14 (see chapter I). The average content of PGF2J> in endometria of ewes sacrificed at day 14 was approximately 1200 ng
compared to 300 ng in ewes in the present experiment. Of course,
one cannot eliminate the possibility that the days chosen to measure
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PG levels did not include the times of greatest PG production
in most animals or that an increase in the release of PG's occurred.
Alternatively, PGF

, values may be higher than in progesterone-treated

groups because of a decreased production of progesterone due to
an abnormally-functioning corpus luteum as a result of another
action of exogenous progesterone,,

,

The requirement that progesterone be given early in the estrous
cycle to induce early regression of the corpus luteum implies an
interference in corpus luteum formation, which may be more impor
tant in causing early regression of the corpus luteum than a surge
of a luteolytic factor* Studies bearing on the site of the luteolytic action of progesterone (Woody et aL, 1968; Ginther, 1968;
Goding et al.. 1970; Lewis et al., 1968) are not sufficiently
critical to allow a clear interpretation at this time.

Summary
The effects of progesterone on endometrial levels of pros
taglandins were investigated in intact and ovariectomized ewes. In
the first experiment 17 ewes were ovariectomized bilaterally on
day 4 of the estrous cycle. Eight ewes served as controls and 9
ewes received 10 mg of progesterone on days 4 through 8. All ewes
were killed on day 9. The endometrial concentration (ng/g) and
content/uterus (ng) of PGF^were lower (P<.05) in the progesterone
treated ewes (18 and 204, respectively) than in the controls (64
and 575, respectively). In the second experiment, 16 intact ewes
received 40 mg progesterone in corn oil and 16 intact ewes received
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corn oil only on days 0 and 1 of the estrous cycle. Eight ewes in
each group were killed on day 5 and eight on day 9. A signifi
cant increase (P<,„05) in PGF2^ content, but not concentration,
was detected due to the main effect of progesterone treatment.
PGF20L did not vary with the main effect of day or the interaction
of day with progesterone treatment,. No differences in

content

or concentration were dectected in either experiment. Preliminary
studies using gas liquid chromatography confirmed that PGF2&jis present
in the endometrial samples but failed to confirm that PGF^was present. More
work needs to be done to determine if the substance corresponding to
PGFjjl on the thin layer chromatography plates is actually PGF^.
The results of the first experiment suggest that progesterone,
by itself, is not responsible for the previously reported increase
in levels of prostaglandin in the endometrium of ewes at day 14
of the estrous cycle. The data from the second experiment imply
that the luteolytic effect of progesterone given early in the estrous
cycle could result in part from increased levels of PGF„j *
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LEVELS OF PROSTAGLANDINS IN THE UTERUS OF EWES DURING EARLY PREGNANCY

The ovine endometrium contains PGF^ an<* the levels of PGF^
increase significantly by day 14 of the' estrous cycle compared to
days 3, 5 and 11 (mentioned above). Day 12 of the estrous eyclc is the
critical period when regression of the corpus luteum at the normal
time is dictated by the presence or absence of an embryo (Moor and
Rowson, 1966 a,b). The embryo in this situation could be maintaining
the corpus luteum by inhibiting the production of a luteolytic
factor, producing a luteotropic substance, or both. It was the
purpose of the present study to determine the levels of FGF2f/. »
PGF^ , PGEg and PGE-^ in the endometrium, the remainder of the
uterus and the jugular and uterine venous plasma in pregnant
and nonpregnant ewes at day 13 postestrus.

Materials and Methods
Mature nonpregnant ewes were placed with vasectomized males
twice daily (estrus = day 0). As the ewes came into estrus they
were assigned randomly to treatmentSo Those in the pregnant group
were hand-mated to fertile males twice a day (morning and evening)
until they were no longer in standing estrus. Eight ewes in each
group were laparotomized on day 13 of the estrous cycle, and after
5000 international units of heparin were injected intravenously,
40 ml each of jugular and uterine venous blood were collected. The

uterine blood was collected by snipping a large uterine vein,
collecting the blood in a silastic sheet and then drawing it into a
50 ml syringe. The samples were then centrifuged at zero degree
centigrade for 20 minutes and the red blood cells were discarded. After
the ewes were sacrificed the uterus was removed and pregnancy was con
firmed by flushing the uterine horns with saline and observing the
<

eluent for the presence of embryos. The endometrium was dissected from
the remainder of the uterus and both were weighed. Both the tissue and
plasma samples were placed in plastic vials, flushed with nitrogen
and stored at minus 20 C until they were analyzed.
The extraction procedure and bioassay for the PG's were the
same as described earlier. The plasma samples were extracted similarly
to the other tissues except that they were not homogenized. The data
were subjected to analysis of variance (Fryer, 1966).

Results and Discussion
As seen in Table 8, significant increases in both content and
concentration of PGF^^and

in the endometrium were found in

pregnant ewes compared to the nonpregnant animals. Smooth muscle
stimulating activity corresponding to authentic PGF^ and PGE^ on the
thin layer chromatography plates was detected but there were no
differences between treated and control groups (P> .05).
^^2ot' PG^i^and PGE2 were detected in the myometrium (re
mainder of the uterus; Table 9) but no differences due to treatment
were found (P>.05). The increase of PGF„ in the endometrium was re2<>flected in a significant increase in the uterine venous plasma (Table 10).
No other PG's were detected in the uterine venous plasma and none were
found in the jugular plasma.
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TABLE 8. LEVELS OF PROSTAGLANDIN F ^ , F . , E2 and E1 IN THE ENDOMETRIUM
OF PREGNANT AND NONPREGNANT EWES ON DAY 13 AFTER ESTRUS. a

Nonpregnant
Concentration
(ng/g)

Pregnant
Content
Concentration
(ng)
(ng/g)

Prostaglandin

Content
(ng)

PGF2 rJL

1478+292
(7)c

89+12
(7)

2375+264
(7)

152+12
(7)

PGF

1760+634
(7)

117+42
(7)

3063+1277
(7)

172+53
(7)

PGE,

221+43d
(7)

12+2d
(7)

431+81
(7)

25+4
(7)

PGE,

92+1

5±1

(6)

(6)

146+6
(7)

10+3
(7)

lot

Si

-

Day of estrus = day 0.

b
Mean+ standard error.
Number of samples per treatment in parentheses.
d

Different from pregnant group (P< .05).
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TABLE 9. LEVELS OF PROSTAGLANDIN F 9c* ' Flol » and E2 IN THE MYOME™™
PREGNANT AND NONPREGNANT EWES ON DAY 13 AFTER ESTRUS. a

Prostaglandin

Nonpregnant
Content
Concentration
(ng)
(ng/g)

Pregnant
Content
Concentration
C°g)
(ng/g)

2d

224+35
(8)c

9+1
(8)

153+36
(8)

6+1
(8)

PGF lot

135+85
(8)

8+5
(8)

297+81
(7)

12+3
(7)

PGE,

65+21
(5)

3+1
(5)

60+15
(6)

2+1
(6)

PGF

Day of estrus = day 0.
•J^

Mean + standard error.

Q

0F

Number of samples per treatment in parentheses.

TABLE 10. CONCENTRATION OF PROSTAGLANDIN F ^ IN THE UTERINE VENOUS
PLASMA OF PREGNANT AND NONPREGNANT EWES ON DAY 13 AFTER
ESTRUS. a

Group

Concentration^
(ng/ml)

Nonpregnant

1.6 + 0.8^
(7)c

Pregnant

4.7 +0.9

(6)

a
Day of estrus = day 0.
^Mean + standard error.
cNumber

of samples per treatment in parentheses.

^Different from pregnant group (P<.05).

The striking but unexpected increase in levels of PGF^^in the
pregnant ewe is difficult to explain. One would expect the uterine
luteolytic factor to either decrease in concentration or remain
unchanged, but not to increase. Perhaps this rise in levels of
PGF^^ is only of short duration, decreasing and remaining low the
remainder of pregnancy. Alternatively, ithe embryo may be luteotropic,
overriding the luteolytic effect of the uterus. This possibility
is supported by the fact that embryo homogenates of sheep infused
into the uterus of cycling ewes will lengthen the estrous cycle
by several days ( Rowson and Moor, 1967).Obviously more work needs
to be done with pregnant animals in order to determine the mechanism
by which the embryo is luteotropic.
The preliminary gas liquid chromatography studies mentioned
previously

raise the possibility that the smooth muscle stimula

ting substances on the thin layer chromatography plates corresponding
to PGF-y. , PGEj and PGE^ are not actually these substances. Larger
samples of uterine tissue need to be extracted to identify the
PG's by GLC. The presence of PGE^ activity also is mystifying
since it was not found in either of the first two studies. Perhaps
PGEj is present and was found here due to the relative freshness of
of the samples extracted in the present study.

Summary
The levels of prostaglandin in the endometrium, tl?e remainder
of the uterus and the jugular and uterine venous plasma of pregnant

and nonpregnant ewes were investigated. All ewes were sacrificed
13 days after estrus (estrus = day 0). A significant increase in
both the average content (ng)/uterus and concentration (ng/g)
of PGF^was found in pregnant ewes (2375, 152, respectively)
compared to nonpregnant ewes (1478, 89, respectively). Similarly,
a significant increase in PGE2 was f-ound in pregnant ewes (431, 25,
respectively) compared to nonpregnant animals (211, 12, respectively).
Smooch muscle stimulating activity corresponding to authentic PGF^
and PGE-^ on the thin layer chromatography plates was also detected
but there were no differences in levels between pregnant and non
pregnant ewes. PGF2^. ,

and

PGE2 were detected in the remainder

of the uterus but no differences due to treatment occurred. The
concentration (ng/ml) of PGF2^ in the uterine venous plasma of preg
nant ewes was increased significantly (4.7) over the nonpregnant
ones (1.6). None of the other PG's were detected in the uterine
venous plasma. No PG's were detected in the jugular plasma. Pre
liminary gas liquid chromatography studies mentioned earlier in
the dissertation indicate that PGF

2o«-

is actually being measured in

the bioassay but that smooth muscle stimulating activity due to
PGF^may actually be due to some other substance. More work needs
to be done to determine if PGF^ , PGE2 and PGE.^ are definitely
present in the samples.
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The purpose of these studies was to determine the level of
prostaglandin (PG) ?2<U » ^loi » ^2

anc*

®1 *"n

C^e uterus

nonpregnant,

pregnant and progesterone-treated ewes. The PG's were extracted,
separated by thin layer chromatography and measured by gerbil-colon

3

bioassay. The percent recovery was determined by PGF^ -5,6- H,
and measured values were corrected to 1007».
The first study showed that the levels of PGF2Cj^in the endo
metrium increased 3 to 4 fold on day. 14 of the estrous cycle compared
to the levels at days 3, 5 and 11. In another group of ewes receiving
plastic intra-uterine
estrus

devices (IUD's) in each uterine horn on day 2 of

and killed on day 5, a three fold increase in levels of PGF^

in the endometrium was found compared to the day 5 controls.
The effects of progesterone on endometrial levels of PG's
were investigated in intact and ovariectomized ewes in the second
study. In the first experiment ewes were bilaterally ovariectomized
on day 4 of the estrous cycle, injected with progesterone or corn
oil days 4 through 8 and killed on day 9. The endometrial levels of
PGF2^were lower in the progesterone-treated ewes compared to the
controls. In a second experiment ewes received either corn oil or
progesterone on days 0 and 1 of the estrous cycle and were killed on
days 5 or 9. A significant increase in content, but not concentra
tion, of PGF2C£in the endometrium was detected due to the main effect
of progesterone treatment. However, the levels did not vary with the
main effect of day or the interaction of day with progesterone treat-

merit.

In a third study PG's in the endometrium, the remainder of
the uterus and jugular and uterine venous plasma were investigated in
pregnant and nonpregnant ewes 13 days after estrus. Higher levels of
PGF2^and PGE2 were found in the endometrium of pregnant ewes
compared to nonpregnant animals. Also, higher levels of PGF2^were
detected in the uterine venous plasma of pregnant ewes compared to
nonpregnant ones. None of the other PG's were detected in the uterine
venous plasma. No PG's were detected in the jugular plasma. PGE2,
PGF^^and PGF^^were found in the myometrium but there were no
differences due to treatment.
PGE2 and PGFwere detected in the myometrium in all studies
but PGE^ was only found in the study with pregnant ewes. Preliminary
gas liquid chromatography experiments indicate PGF 2^is actually
being measured in the bioassay. It has not been established that
smooth muscle stimulating activity due to substances presumed to be
PGFi^, PGE^ and PGE2 on the basis of the thin layer chromatography
is actually due to these substances. More work needs to be done to
determine if PGF^ , PGE^ and PGE^ are definitely present in the
samples.
The higher levels of PGF2c^in the endometrium at times of
luteal regression, as seen in the first study, support the hypothesis
that PGF2j^is the uterine luteolytic factor. The second study indi
cates that progesterone, by itself, is not responsible for the
increased levels of PGF

. in the endometrium at day 14 of the estrous
2^

cycle and that the luteolytic effect of progesterone

given early in

the estrous cycle could result, in part, from higher levels of PGF
The final study with pregnant ewes indicates that more work needs
be done to determine how the embryo is luteotropic.
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